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The ozone changes that had been predicted for many years on the basis of homogeneous (gas
phase} chemistry models included upper stratospheric ozone loss and tropospheric ozone increase,
shown by the dashed curves in Fig. 2.4. Both of those ozone changes would cause surface heating.
But limited ozone measurements in the 1970s (Tiao et al., 1986, Reinsel et al., 1984), shown by the
histograms in Fig. 2.4, supgested the possibility that upper tropospheric ozone and lower stratospheric
ozane may be decreasing. Discovery of the Antarctic ozone hole in the 1980s (Farman ef al., 1985)
and analysis of the mechanisms involved in the ozone depletion led to the realization of the
effectiveness of heterogeneous loss processes in the 15-25 km region (WMO, 1990). Satellite data for
the 1980s (Stolarski er al., 1991; McCormick et al., 1992) have shown that the lower stratospheric
ozone loss 1p not confined to the Antarctic.

Lower strataospheric ozone loss can be a significant climate forcing. This is illustrated
{Fig. 2.5) by comparison of the simulated global warming due to all the homogeneously mixed
greenhouse gases {HMGG) with the simulated warming when ozone loss is also included. The ozone
loss is that reported by Stolarski e af. (1991), with the assumption that the entire change is in the 70-
250 mb region. The latter assumption probably maximizes the cooling effect of the ozone loss.
Despite the large natural variability 1n the results of a single GCM experiment, or even the mean of
5 experiments, it is apparent that the ozone change is a significant contributor to the total greenhouse
effect. Indeed, it will not be possible to accurately evaluate the wotal anthropogenic greenhouse effect
unless ozone change is monitored as a function of altitude, latitude and season. Useful ozene profile
data are presently supplied by the SAGE Il instrument on the ERB satellite, which is over eight years
old. This data record can be extended and enhanced by flight of a proposed improved version of the
instrument (SAGE 11I) with greater seasitivity, higher spectral resolution, and increased spatial
sampling. Although total ozone abundance is being monitored by flights of the TOMS and SBUV
instruments, there are no plans to fly SAGE I before 2002,

Aerosois, Perhaps the greatest unceriainty in climate forcing is that due to tropospheric
aerosols (Charlson e al., 1992). Aerosols cause a direct climate forcing, by reflecting sunlight ta
space, and an indirect climate forcing, by altering cloud properties. Existence of the latter effect is
supported by satellite observations of increased cloud brightness in ship wakes {(Coakley ef al., 1987),
satellite observations of land-ocean and hemispheric contrasts of cloud droplet sizes (Fan 1992), and
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Climate feedbacks are the cause of large uncertainty abourt climate sensitivity to a specified
forcing. Continued efforts to improve the representation of the feedback processes in climate models
are important and are receiving much attention, but it seems unlikely that general agreement on the
magnitude of global climate feedbacks can be obtained on the basis of models alone. Thus it is ¢rucial
that observations of current and future climate change be accompanied by measurements of the
feedbacks to an accuracy sufficient to define their contribution to observed climate change. As we
demonstrate below, it is possible (o obtain the required accuracies with existing technology.

Summary Caveal

It is appropriate to ask whether there are other important climate forcings or feedbacks, in
addition to those which the scientific community has already identified. Although the processes that
have been considered account {or all the major mechanisms for exchange of energy with space, it is
very likely that there will be future surprises in our understanding of both climate forcings and
feedbacks. Therefore, 1t is very important that a monitoring stratepy include measurements covering
practically the entire spectra of both the solar and thermal radiation emerging from the Earth, because
all radiative forcings and feedbacks operate by altering these spectra. Although efforts to measure
integrated reflected solar and emitted thermal fluxes are underway (Kandel, 1990), measurement of
changes in the spectral distribution of the radiation are required to provide diagnostic infermation
about causes of flux changes.





